Another problem that is frequently encountered in elevated temperature steels arises from their need for oxidation resistance.
Chromium additions are usually employed for this purpose. In steels, increasing chromium additions favor the formationof M 7 c 3
and M 23 c 6 type carbides (2) . Neither of these carbides imparts appreciable strengthening at elevated temperatures(2-4). Colbeck and Rait(2) found a continuous decrease in the creep strength ot chromium-vanadium steels as the chromium content was increased from 1 to· 8 pet. On the other hand, worthwhile improvements in oxidation resistance at 600°C are not obtained in ·ferritic steels until about 7 pet chromium is present (3, 4) . Such alloys, Using intermetallic compounds rather than carbides for enhancing elevated temperature strength is a concept that is decades old, but progress towards its realization has been slow. A major deterrent has been the tendency of such compounds to precipitate at grain boundaries which leads to severe room temperature embrittlement. The effects of intermetallic compounds such as the'sigma phase have been reported by Decker and Floreen(5), Decker(6) , and Mihalisin et al (7) . There is general agreement that the presence of the sigma phase lowers both rupture strength and room temperature ductility. Decker(6) also summarized the status of knowledge about the effects of the Laves phase in superalloys.
He concluded that in general, when the Laves phase is present in Table I . The ingots were forged at 1100°C into 9/16 in.
(14 mm) thick plates for creep specimen blanks. For tensile specimen blanks, the plates were further reduced by rolling at 1000°C to a thickness of 7/32 in. (5.6 mm). The heat treatments used and their designations are listed in Table II'. Tensile tests were performed in argon at temperatures ranging from Fracture surfaces were examined in a scanning electron microscope.
ALLOY SELECTION AND TREATMENTS
The Fe-Ta System The time at 700°C to attain peak hardness was 40 min for both alloys Ta5Cr
and Ta7Cr. The microstructure of the Ta7Cr alloy in the peak hardness condition is shown in Fig. 1 .
In Fig. 2 is shown the transmission electron micrograph of a carbon extraction replica from a peak aged specimen of alloy Ta7Cr. The precipitate particles were mostly angular and rod shaped. Transmission electron microscopy of thin foils of alloy Ta7CrMo showed that the precipitate first formed coherently, then lost its coherency by the formation of (100) type dislocation loops, which in turn acted as sites for preferred nucleation and growth of precipitates during subsequent aging (21) . An additional result was the observation of a relatively low density of mobile dislocations in aged alloys.
In discussions that follow, the precipitate in the alloys of the current investigation is referred to as the Laves phase, Fe 2 Ta, although
x-ray diffractometer studies made on specimens of alloy Ta7Cr, aged for 40 h at 700°C, indicated that the interplanar spacings of the precipitate were very nearly those reported for Fe 7 Ta 3 .
When the aged alloys were heated 10 min at 1100°C, the matrix transformed to the fcc solid solution y , and both. the grain boundary precipitate and the precipitate within the grains spheroidized. Optical micrographs of alloy Ta7Cr cooled from the spheroidizing treatment revealed irregular grain boundaries. in the spheroidized condition) due to the a+y-+a phase change cycle that accompanied the spheroidizing treatment was also a possible factor contributing to the higher strength.
Scanning electron fractographs of tensile specimens of the alloy Ta7Cr, aged at 700°C for 40 min, tested at various temperatures are -9-shown in Fig. 5 . The fracture surface of the specimen tested at 22°C
( Fig. S(a) ) was characterized by flat areas, steps, and river markings which are typical cleavage features. Fracture was apparently initiated at the grain boundary precipitate envelope and propagated in a transgranular manner. Fracture surfaces of specimens tested at 200°C (Fig. S(b) ), 400°C ( Fig. S(c) ), and 600°C ( Fig. S(d) ) indicated increasingly ductile behavior, and fracture was characterized by cleavage, quasi-cleavage;
and ductile tearing at 200°C, quasi-cleavage, duttile tearing, and dimpled rupture at.400°C, and predominantly dimpled rupture at 600°C~ A large portion of the dimpled rupture observed at 600°C was initiated by void fc:>rmation at precipitate-matrix interfaces ( Fig. S(d) ). Table II) were only slightly higher than that of alloy Ta7Cr. However, the creep and rupture strengths of alloy Ta7CrMo
were considerably greater than those of alloy Ta7Cr.
The plots of stress vs rupture time at 1100°F (593°C) are shown in Table III with the values reported in the literature for several commercially available ferritic steels (25, 32) .
It· can be observed from Table III that Table IV shows that the value was higher than that reported for AISI type 422 stainless steel.
SUMMARY AND CONCLUSIONS
A Laves phase Fe 2 Ta was utilized to develop carbon-free creep resistant bee iron alloys containing 1 at. pet Ta and 7 at. pet Cr.
Precipitation of the Laves phase led to considerable hardening of Fe- Ta Solution treated at 1320°C for 1 h, aged at 700°C for 40 min, and cycled 3 times between 1100°C and 22°C.
T-2 Holding time at 1100°C was 10 min each time.
Solution treated at 1320°C for 1 h, cold rolled to a 50 pet reduction in thickness at 22°C, aged at 700°C T-3 for 40 min, and spheroidized at 1100°C for 10 min.
Solution treated at 1320°C for 1 h, aged at 700°G for T-4 2 h, and spheroidized at 1100°C for 10 min.
Heat treated as for T-1, and cold rolled at 22°C to T-5 a 20 pet reduction in thickness.
Solution treated at 1350°C for 1 h, aged at 700°C · for 1 h, and cycled 3 times between 1100°C and 22"C.
T-2A Holding time at 1100°C was 15 min each time.
Solution treated at 1350°C for 1 h, aged at 700°C
T-6 for 1 h, and spheroidized at ~100°C for 2 h.
Specimens were quenched in hot water (70°C) following solution treatment and air cooled following aging and spheroidizing. Ascoloy.
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